Abstract. This paper conducts a road test with a certain brand SUV as the test object, and collects the rotation signal through the magnetic speed sensor, and then analyzes the various excitation components in the signal. In this paper, we analyze and process the rotation signal with MATLAB, and process the acquisition signal by interpolation method, in order to eliminate the frequency aliasing phenomenon,and then filtering out the engine excitation through the design of a simple filter. Finally, the time domain signal is Fourier transformed to obtain the frequency spectrum. Through the frequency spectrum analysis under the same speed of different gears, the law of torsional vibration of the driveline under the pavement excitation is obtained, and the abnormal fluctuation in the signal is diagnosed.
Introduction
The role of the powertrain system is to pass the torque generated by the engine to the drive wheel to drive the car, and its torsional vibration will have a great impact on the ride comfort of the car and the life of the vehicle powertrain. In car driving process, the excitation source of the vibration is mainly from the engine and the road [1] . At present, the research on the torsional vibration of the transmission system is mainly focused on the periodic excitation of the engine cylinder combustion. However, there are few studies on the low frequency torsional vibration of the driveline caused by the pavement excitation. Shu Hongyu et al. through the establishment of the kinetic equation of the powertrain system under the pavement excitation, and combined with the road test, it is concluded that the pavement excitation is the main source of the low frequency torsional vibration in the driveline system. However, the article does not further study the torsional vibration of the driveline [2] . Zhu Junfeng et al. established the random model of pavement based on AR model, and put forward the corresponding realization formula. Finally, the correctness of pavement stochastic excitation model was verified by comparative analysis. However, the research mainly focused on the pavement excitation model, and it did not analyze the torsional vibration of the driveline [3] . In this paper, the frequency spectrum analysis of the torsional vibration of the powertrain system under the excitation of road surface is carried out. The influence of the pavement excitation on torsional vibration of transmission system is studied, and the torsional vibration law of transmission system under the pavement excitation is obtained.
Measurement of Torsional Vibration
The test vehicle in this paper is a front drive. Data acquisition system is the real-time acquisition system developed by British CCS company. The speed sensor uses a magnetoelectric speed sensor.The magnetic speed sensor is installed on the gearbox input shaft end. The sensor samples the transmission shaft rotation signal at equal angular intervals. The real-time data acquisition system performs low-pass filtering on the vibration signal of the transmission system. In this paper, MATLAB is used to interpolate the collected vibration signals, and then the excitation signal of the engine in the driveline vibration signal is filtered to obtain the time domain signal. Finally, the frequency spectrum is obtained by Fourier transform.
Excitation Signal Analysis and Processing

Excitation Source Analysis
Engine Excitation. This article uses a four-cylinder engine,when the harmonic ν=2,4,6.., its vector value is the largest, known as the main harmonic.So the second order and its multiple order of the excitation frequency are the engine's main excitation frequency.The following formula: * * / 60 e e f v i n = .
(1) Where e n is the rotational speed of the engine. Gear Excitation. In the transmission system, the meshing frequency refers to the product of the rotational frequency and the number of teeth of the shaft,which is:
(2) Where n represents the speed of the gear, and z represents the number of teeth. The gear excitation can be expressed by a Fourier series with a fundamental frequency:
Where ) (t e is a short period error; j e and j ϕ are the amplitude and phase of the jth order component.Obviously, due to the Fourier series of harmonics, the gear drive system will produce complex harmonic vibration. Pavement Excitation. In car driving process, the conversion formula between the pavement space wavelength and the time frequency can be established by the vehicle speed:
Where v is the vehicle speed and λ is the pavement space wavelength.
The test car is the front drive, the mathematical model of stochastic excitation of the road surface subjected to the front wheel is [4] :
Here f q is the front wheel road roughness excitation; ) (t w is white noise, the covariance satisfies the following formula:
WhereT and D are the constants determined by the power spectral density of the road roughness.
Vibration Signal Processing and Analysis
The vibration signal collected by the experiment is a nonstationary signal. In order to avoid the frequency aliasing phenomenon in the frequency spectrum analysis, the vibration signal is interpolated by interpolation method.
Where i is the sequence number after resampling, the value of n is in the vicinity of ( ) t i , s f is the sampling frequency. This paper uses the fourth gear 50Km/h and five files 50Km/h experimental data, the results shown in Figure Since the time domain waveform of Figure 2 is a random signal, there is no obvious periodic characteristic. In order to study the effect of frequency components on the torsional vibration of the driveline, it is necessary to carry out Fourier transform:
Where ( ) x n is the input signal, and ( ) X n is the output spectral function. The Fourier transform obtains the following Figure 3 In Figure 3 (a) , there is a peak at 65 Hz, 98 Hz,130 Hz, and the peak is decreasing, and a significant peak appears at 221 Hz, According to the analysis of the inherent characteristics of the test vehicle, we know that the frequency here is similar to the second-order natural frequency of the transmission system. It can be seen, the transmission system here occurred torsional vibration, and according to the literature, the road excitation time frequency is generally not more than 200Hz [5] .In Figure 3 (b) , there are also peaks of 47 Hz,96 Hz,145 Hz. Contrast Figure 3 (a) and Figure 3 (b) , the same speed, only in the fourth gear, the transmission system has torsional resonance. According to the structure of the transmission system, when the speed of different gears are the same, the rotational speed of the output shaft of the transmission is the same. The initial determination of the transmission the front end of a component failure, gearbox gear meshing frequency is much greater than 221Hz, it can be ruled out gearbox gear failure, according to the rolling bearing fault characteristic frequency calculation formula:
( )
Where o f is the characteristic frequency of the outer ring, i f is the characteristic frequency of the inner ring, b f is the characteristic frequency of the roller, N is the number of rollers, r f is the rotational frequency of the shaft, D is the diameter of the bearing dividing circle, d is the diameter of the roller , α is the contact angle.
According to the formula of the characteristic frequency of the rolling bearing fault, it can be seen that the characteristic frequency of the rolling bearing is similar to the second-order natural frequency of the transmission train in the fourth gear condition, so it can be concluded that the rolling bearing of the gearbox has failed.
According to the frequency range of the road excitation time, the first three natural frequencies of the tires are in the range of road surface excitation. During the test, the tire resonates to cause torsional vibration of the driveline, and the amplitude of the frequency spectral response decreases as the frequency of the excitation increases. Many of the small fluctuations in the figure are caused by the randomness of the pavement input.
Summary
1) The results of the experiment combined with the literature has further verified the pavement excitation is mainly concentrated in the low frequency, and the pavement excitation frequency range is within 200Hz, and the excitation frequency outside the range is proven to have failed the bearing.
2) Under the excitation of the road, the occurrence of the tire resonance, causes the torsional vibration of the transmission system. As the frequency of the pavement excitation increases, the amplitude of the torsional vibration of the driveline decreases gradually.
3) In this paper, the method of frequency spectrum analysis is used to study the torsional vibration of the driveline under pavement excitation.
